Abstract. By applying the covariant Taylor expansion method, the fifth lower coefficients the asymptotic expansion of the heat kernel associated with a fermion of spin 1/2 in Riemann-Cartan space are manifestly given. These coefficients in Riemann-Cartan space is derived from those obtained in Riemannian space by simple replacements.
Introduction
Motivated by studying all one-loop quantities (such as the effective action, zeta function, Green functions, anomalies, etc.) in quantum field theory and supergravity, the heat kernel K (d) (x, x ′ ) in d dimensions defined by equations
has been studied by many authors. Here δ (d) (x, x ′ ) is the d dimensional invariant δ-function, and 1 = {δ A B }, h = det h a µ , where h a µ is a vielbein. The most general elliptic second order differential operator H for a fermion ψ = {ψ A (x)} of spin 1/2 in curved space with the torsion, i.e. in Riemann-Cartan space is expressed in the following form,
withD
where ω abµ is the Ricci coefficient of rotation, C αβµ a totally antisymmetric torsion tensor, and A µ an arbitrary vector gauge field. The local quantity Z stands for matrices for the spinor with non-differential operator. The metric tensor is given by g µν = h 
where R αβµν and F µν are the curvature tensor in Riemannian space and the field strength of A µ respectively, and ∇ µ means the Riemannian covariant differentiation.
Explicit form of asymptotic expansion coefficients
One can solve (1) by the expression according to the De Witt's ansatz,
where σ(x, x ′ ) and ∆(x, x ′ ) are the geodesic distance and the Van Vleck-Morette determinant between x and x ′ , respectively. The asymptotic expansion coefficients [a q ] of the heat kernel are obtained as the coincidence limit (x → x ′ ) of a q (x, x ′ ). The explicit expressions of [a q ] (q = 1, · · · , 5) are written in the following form [1] ,
[
(R µνρσ R µνρσ − R µν R µν )1 
[a 5 ] = 1 120
wherẽ 
Here K αβµ 1 ···µn ≡ R α(µ 1 |β|µ 2 ,µ 3 ···µn) , K 
and the exclamation mark '!µ' means the differentiation of ': µ' orD µ in the case that the torsion tensor inΓ 
Discussion
The covariant Taylor expansion [2] for a function f (x ′ ) at x µ with respect toD µ ′ σ(x, x ′ ) includes the expansion [3] for the function with respect to the geodesic normal coordinate 
In the case that x is close to x ′ , the conditions (34) are obtained fromDσ :µ = σ :µ and σ 
The expansion for g µν (x ′ ) and log |g|(x ′ ) are independent of the torsion tensor, though h a µ (x ′ ) and h µ a (x ′ ) depend on the torsion tensor. The torsion tensor is included in the expansion coefficients ofΩ µ (x ′ ), in the form of (C + Q) µ , and appears inΛ µν , X and their derivatives in the coefficients [a q ]. In conclusion, the coefficients [a q ] obtained by starting from Eq. (2) in Riemann-Cartan space is derived from the final form of [a q ] obtained by starting from ∇ µ ∇ µ +Z in Riemannian space by the simple replacements [4] ,
